93.7 gens, the time interval of injection, or other conditions. No agglutination was recorded with either antigen at a titre higher than 1/64. The data have been subjected to statistical analysis, and the superiority of control to test groups in all periods, shown to besignificant. But is this due to undernourishment?
There is one factor in which the test and control groups differ considerably, namely, the age distribution; the average age of the controls was in the twenties, of the test subjects in the forties. However, the correlation between age and antibody production within the groups is statistically not significant (Barmen 0-129, Siegburg 0 104, Controls 0-185), and in the absence of immunological evidence that in adults age affects antibody response, this factor seems unlikely to have affected the results. One can, I think, reject the racial difference; the social distress resulting from defeat in war is the essential factor in which the groups differ. Of this social set-up, undernutrition is one factor which has been shown to, affect antibody production in animals; therefore, I think it is safe to assume that the difference in antibody production between the' groups is mainly due to undernutrition.
Finally, what bearing do these results have upon the problem of epidemic disease? I would draw attention to three points: (1) The extremely severe degree of undernutrition from which the test subjects were suffering-severe enough to render active life impossible; and (2) in spite of this, the comparatively small differences between these literally famished subjects and the controls, in first-class condition; (3) the significant fact that there actually has not been any widespread epidemic disease in Germany since the end of the war. These points taken together suggest that undernutrition does not play as large a part in widespread epidemics as is generally supposed.
This does not dispose of famine as a medical problem, of course, any more than it disposes of it as a human problem; in such signs as a high mortality rate and high incidence of tuberculosis the effect of undernutrition is evident; while the appallingly demoralizing effects of famine constitute a grave psychological problem on their own.
(This work will be published in detail in a Report to the Medical Research Council from the M.R.C. Unit working in Wuppertal.) Mr. Herbert Parry (Animal Health Trust, Newmarket): Part I1. Some of the Variables Involved.-Any real appraisal of the role played by nutrition in resistance to infection must consider at least four aspects, namely, the host, the nutritional status of the host, the character of the infection and the nature of the resistance, each aspect comprising many variables. The definition of these variables, at first qualitatively and later quantitatively, is essential in dealing with this complicated subject. It is proposed, therefore, to consider in a tentative way some of these variables.
(1) The host.-An adequate discussion of this would involve all those factors determining the host's internal environment, cellular and systemic, in which the parasite comes to live. This is obviously impossible, but certain gross determinants, genetic and developmental, must be stressed. The importance of differences between species, and also between different geneticstrains within a single breed of a species can be enormous. Results obtained on one strain of a species are not necessarily valid for any other. Hence, it is essential in experimental studies to standardize the genetic constitution of the host animal as far as possible by usinghighly inbred strains of a given species.
Developmental variation may be equally important, since the age and stage of growth of the animal often plays a decisive role in the outcome of infections. It is well known that young adolescent mice of less than 20 grammes body-weight are much less susceptible to many neurotropic viruses than are older and heavier animals. This phenomenon has been termed "maturation resistance" (Sabin, 1941) . If the growth of young mice be retarded by 'Part II of this paper, Studies of Total Infections, will be published in full elsewhere. restricting food intake or by feeding a diet inadequate for normal growth, such animals retain their "maturation resistance" and are less susceptible to certain experimental infections, although of an age normally fully susceptible. Such lowered susceptibility has been interpreted on occasion as due to some deficiency in the diet. In such instances, unless a control group on a complete diet-but with the food intake precisely similar to that of the deficiency group-be also infected, it is equally possible that the results are due to a continuing ''maturation resistance".
(2) The nutritional situation.-The nutrition of the host can in part be defined by stating the current consumption of the known nutrients, namely the calories, protein, fat, carbohydrate, the various minerals and accessory dietary factors, but this is not enough. To define the total nutritional situation it is necessary to know the previous intake and the reserves of any nutrient, as well as the acuteness or the chronicity of a deficiency of any individual nutrient. Experimentally, individual deficiency states can be produced. In the field, a simple deficiency of one nutrient almost never occurs. We are dealing with adequate and inadequate diets composed of many combinations of individual nutrients in supra-optimal, optimal and sub-optimal amounts, the effects of different nutrients operating in diverse ways, and being often mutually exclusive. Under such conditions it becomes wellnigh impossible to assess the role of nutrition. The experimental approach using diets of highly purified constituents with individual food consumption records and the paired feeding technique seems to offer the only chance of unravelling the tangled skein of conflicting clinical experience. The successful maintenance of animals on such purified diets has made it possible to standardize the nutritional situation.
(3) The infection.-Parasitic organisms show so many variations in their effects on a host that to standardize the infection is as important as standardizing the nutritional situation. Detailed consideration of this matter is beyond the scope of this discussion, but suffice it to say that the number of parasitic organisms, their virulence and general biological characteristics within the host, as well as their portal of entry and any auxiliary aids to their establishment, such as trauma or stasis in the alimentary tract, must be defined as precisely as possible.
(4) Resistance.-The term resistance has been used to denote so many and various effects that it is increasingly necessary to define what is meant by the term. For the present purpose it is convenient to separate resistance into three levels: first, resistance to the invasion of the parasite through the skin or mucous membranes, invasion resistance; second, resistance to the multiplication of the parasite and the accumulation of its pharmacologically active metabolic products in the blood and tissue fluids, i.e. systemic resistance; and third, organ resistance, resistance to the passage of parasites from the systemic circulation into an organ, and resistance within the organ to any deleterious effects due to the parasites' presence.
(a) Invasion resistance: In the main, interest here has been focused on the role of vitamin A in the maintenance of the integrity of ectodermal structures and thereby the resistance of these structures to invasion by parasites. A voluminous and somewhat uncritical literature has grown up which purports to show that the vitamin-A-deficient animal (and man) is more prone to infections of the skin, eyes andalimentary tract. Much of this evidence is in need of a critical reappraisal in the light of recent knowledge.
The role of nutrition in parasitism of the alimentary tract is more clear-cut. There is experimental evidence that a nicotinic-acid-deficient diet will allow the intestinal multiplication and subsequent transmucosal invasion of Salmonella in pigs (Chick et al., 1938a, b; Davis et al., 1940) and probably in mice (Watson et al., 1938), while Waisman and Elvehjem (1943) report a diarrhaeic syndrome due to Shigella paradysenteria in monkeys fed a diet deficient in folic acid, and which was controlled by feeding small quantities of folic-acid concentrates.
While the precise reason why these deficient diets should provide conditions suitable for the accumulation of parasites in the bowel is obscure, another group of disorders, the enterotoxemias of herbivores, are definitely related to the development of local alimentary stasis due to dietary causes, which thereby provide conditions suitable for the rapid multiplication and toxin formation by Clostridium welchii (Roberts, 1938).
(b) Systemic resistance: Resistance at this level involves many fundamental mechanisms, several of which are to be discussed by other speakers. They will, therefore, only be mentioned very briefly. It is convenient to do so under two heads, first, antiparasitic agencies and, secondly, sensitivity to parasitic toxins.
Antiparasitic agencies include antibody formation, which can be modified by diet; phagocytosis which is limited in the leucopenia of folic-acid deficiency in the monkey; and the absence of metabolites essential for the parasite, a situation more likely to occur in theory than in practice, since the host's requirements are likely to be, in most instances, as critical as those of the parasite.
Sensitivity to toxins, i.e. the size of the mean pharmacological dose, is known to be influenced in some cases by the nutrition of the host. Thus, diphtheria toxin probably combines with ascorbic acid, and a relative ascorbic-acid deficiency may occur in diphtheria, even when the ascorbic-acid intake is adequate for normal circumstances (King and Menten, 1935; Menten and King, 1935) . It is suggested that a very high ascorbic-acid intake may reduce the sensitivity of the host to this toxin, and it is probable that the optimal ascorbicacid requirement is increased in all fevers. Mice fed on certain mixed diets without skim milk are less resistant to the intraperitoneal inoculation of Salmonella typhi murium toxin (Watson, 1937) .
(c) Organ resistance: The resistance of an organ to an infection embraces two distinct phenomena, organ entry resistance and organ damage resistance. The former is the resistance to the entry of the parasites, i.e. to their localization, in an organ, the classical example of which is the mechanism of the blood-brain barrier. Organ damage resistance may be defined as those factors which limit the damage done to the functional efficiency of the organ by the presence of the invaders or of their metabolic products. Little is known of the factors involved, other than the general mechanisms discussed under systemic resistance, but presumably complex cellular enzyme systems are also involved. There are suggestions of this in the work of the Wisconsin school on the role of thiamine in determining the development of functional defects of the nervous system due to some neurotropic viruses (see Rasmussen et al., 1944) .
(d) Criteria of resistance: So many criteria of increased resistance have been employed, including lengthening of the incubation period, lessened severity of the local signs of organ damage, the shortening of the duration of clinical signs, reduced numbers of deaths, reduced numbers of viable organisms as determined by laboratory tests, more rapidly produced or higher antibody titres, and others. Many of these criteria embrace different aspects of invasion, systemic and organ resistance. Unless due regard be paid to these differences when selecting criteria there seems little chance that the true role of nutrition in resistance to infections will be elucidated. Of the many possible criteria, one of the simplest is the development of functional defects in the central nervous system following infections with the neurotropic viruses, which involves in particular organ resistance. In the hands of Clark and his colleagues (see Rasmussen et al., 1944 ) the retardation of the development of paralysis of the hind-limbs in infected animals has proved a valuable quantitative criterion or,f resis6-tan_e._ Dr. Z. A. Leitner: When bacteria or their products enter the body they are gradually removed by the "clearing mechanism" consisting mainly of the wandering cells of the reticulo-endothelial system [5] . Soon afterwards "shedding" of fragments of the superficial cytoplasm layers of these cells occurs and coincides with the appearance of antibodies [11] and with an increase of gamma globulins [6] . The cells forming the gamma globulins appear to be sensitized and they seem to synthesize antibody globulin more rapidly than normal cells when exogenous protein gains access to them [11] . Moreover, in dogs depleted of proteins by inadequate diet or plasmaphoresis, the replenishment of antibody globulin depends on supply of dietary protein after exhaustion of the " reserve bank" of intracellular proteins [12] . Sufficient amount of dietary protein seems, therefore, to be as essential for adequate synthesis of antibodies as their proper absorption from the intestine and the conversion of amino-acids into plasma proteins in the liver. Interference with any of these functions may lead to hypoproteinemia and infections (e.g. in liver cirrhosis).
Avitaminoses, especially those due to vitamin-A, -C and -D deficiency, are also said to reduce natural resistance. Conflicting views about the relationship of vitamin deficiency to infection appear to be due partially to the varying definition of the deficiency itself [7] . Whilst in cases of vitamin deficiency administration of the missing vitamin may help to restore normal resistance, such vitamin therapy does not increase resistance or immunity in normal persons.
Vitamin-A deficiency causes an atrophy of the epithelial surfaces followed by keratinizing metaplasia and a lowered local resistance. This may partly explain a variety of infections in animals [3] and also in children [2] . A more satisfactory explanation cannot be advanced yet as to the mechanism of decreased general resistance in vitamin-A deficiency; it does not appear to be due to diminished antibody production though vitamin-A deficiency may interfere with the efficient action of natural antibodies, especially in children [1, 4] .
Results of an investigation carried out by the author with Drs. Jacobs, Moore, Sharman and Thornton during the last four years on the relation of vitamin A to certain infections were briefly discussed. Tables demonstrating the carotene and vitamin-A values in normal persons [8, 9] and, as a comparison, the considerably lowered vitamin-A values in patients suffering from pleurisy, pneumonia and especially from rheumatic fever were shown [10] . A guarded indication for prognosis was put forward on account of some observations made during the recovery period in rheumatism. The curves presented seemed to indicate that there was no recurrence after the first attack in patients with high vitamin-A level; other cases with apparently complete clinical recovery and normal E.S.R. but with low blood vitamin-A level had repeated relapses during the observation period. A warning against generalization from these preliminary observations was added and the hope expressed that they might contribute to further elucidation of the relationship of certain nutritional factors to infection, particularly in rheumatic fever.
Dr. J. W. Howie said that fifteen months ago the Rowett Research Institute, Aberdeen, adopted work on nutrition and resistance to infection as part of its programme, and he spoke for a team of workers now engaged on the subject. Observations were being made on the immunity responses of calorieand protein-deficient ewes. The immunity response was not always a true index of capacity to resist infection; therefore it seemed most useful to study the type of antibody best established as a factor in resistance. For this reason, with the collaboration of Mrs. I. Batty, of the Wellcome Research Laboratories, the antibody under investigation was Clostridium welchii ,3 antitoxin. It was possible to say only that at this stage of the work and with the particular scheme of immunization employed the calorieand protein-deficient ewes had produced more antitoxin than the well-fed control animals; details of the experiment would not be reported until it was complete, and the final picture might be quite different.
Mice on different diets were also being tested by noting the survival rates after infection with a variety of agents including Salmonella, louping-ill virus, and tubercle bacilli. A colony of white Swiss mice had been established and in consequence of rigid precautions it had been kept free from spontaneous Salmonella infection for one year. Thus it was possible to design experiments in which the test and control animals were alike in age, sex, and heredity and differed only in their diets. It was well known, and had been confirmed, that some diets influenced resistance to infection only in the next generation. In one experiment raising the proportion of casein in the diet without increasing the calories had resulted in greater resistance in young male mice to Salmonella infection by mouth, but the resistance of young female mice had not been influenced by the same procedure. The experimental diet was unsatisfactory for reproduction and rearing and the experiment was being repeated with what he hoped might prove a more satisfactory diet.
Other experiments were also in progress at the Institute on the effect of a protein-rich supplement on the worm burdens of ewes and their lambs; on antibody production in pyridoxin-deficient rats; and on nutritional and other environmental factors likely to influence the resistance of young pigs to infection.
The problems were attractive, as might be judged by the numerous publications on the subject, but clear answers to most questions about nutrition and resistance to infection were still lacking, as Schneider (1946) Sir Percival Hartley said that, in his studies of the factors affecting antibody production, prominence had been given to the effect of nutrition. Experiments had been carried out on guinea-pigs and included the three main phases of their immunization history-the response to the primary and secondary stimulus, respectively, and the quiescent period between these events. The antigens used were diphtheria toxoid and alum-precipitated toxoid, the diphtheria antitoxin produced was precisely measured, and the state of nutrition varied by adjusting the amount of cabbage fed daily to the animals.
Response to the primary stimulus was markedly affected by diet. Fifteen guinea-pigs given an adequate diet grew well, all survived and gave an excellent antibody response; an exactly similar group given mangolds in place of cabbage did not grow, four of them died, and the survivors gave a poor antibody response [1] . By using groups of 50 guineapigs it was shown that animals given 50 grammes of cabbage daily produced a significantly larger amount of antitoxin than those given 20 grammes daily. When 13 immunized guineapigs were deprived of cabbage for twenty-one days, there was no change in the antitoxin level in 5 and a slight decline occurred in 8. The cabbage-free diet being continued, these 13 guinea-pigs were given the same dose of antigen as 12 similarly immunized guinea-pigs which had been maintained constantly on an adequate diet. Of the diet-restricted group 5 died on or before the fifth day following the injection of antigen, all of these showing, at post-mortem, characteristic symptoms of undernutrition; but each of the remaining 8 showed a rise in antitoxin titre although it was small compared with that produced by the adequately fed control group. This severe and prolonged deprivation of cabbage was the only condition which affected, significantly, the response to the secondary stimulus; if the restriction was continued for one week only no decline in response occurred [2] . Neither exposure to cold, intercurrent infection persisting throughout the period of the secondary response, a continued condition of tetanus, produced by the injection of a sublethal dose of tetanus toxin and maintained during the whole period of the secondary response, nor intravenous injections of Indian ink made any significant difference to the response to the secondary stimulus. In all the experiments the antigens had been quantitatively investigated before use and, as the charts showed, the doses injected were sufficiently small to permit of the submaximal effects produced being quantitatively estimated and compared. -The bacillus of swine erysipelas is either pathogenic or saprophytic throughout the animal kingdom. It can survive in dead matter of animal or plant origin for a very long time and is extremely resistant to salting or putrefaction. Compared with swine, man is relatively immune to infection with this organism. Three types of infection have, however, been described in man, cutaneous, intestinal and generalized; the first type, referred to as erysipeloid of Rosenbach being by far the most common.
ERYSIPELOID OF ROSENBACH
Fox gave what is probably the first description of a single case of this condition in the British Medical Journal in 1870. In 1873, Baker, in the St. Bartholomew's Hospital Reports, gave an interesting study of 16 cases of a similar condition, which he called erythema serpens. He observed that there was usually a history of injury a few days to a week before the onset; in 6 of his cases the condition followed a scratch by a bone or a cut while handling meat or rabbit skins and one followed a dog bite. He stated that the disease spread leaving "one portion sound as it involves another". The site of injury never showed any signs of infection. The erythema itselfnever suppurated and there was no inflammation of veins or lymphatics. The prognosis was always favourable, all cases clearing up in two to six weeks.
The classical studies of Rosenbach (1884 et seq.) not only established the disease as a clinical entity but proved its causal relationship with swine erysipelas. His description of the skin lesions has not been improved upon. In 1887 he described them as erysipelas-like, slowly progressive, sharply defined, slightly elevated, dark, violaceous, almost livid red zones. He observed, as Baker had done, that the central area of redness faded as the disease extended peripherally. In this same paper he describes the organism which he isolated fromn a skin biopsy of one patient. He said it was larger than a staphylococcus and in older cultures became a mass of branching threads. He injected a pure culture of it into his own arm and
